A low-dispersion Keck I spectrum of SN 1980K taken in August 1995 (t = 14.8 yr after explosion) and a November 1997 MDM spectrum (t = 17.0 yr) show broad 5500 km s . Interaction models are needed that are specifically suited to these supernovae. We review the overall observed range of late-time SNe II-L properties and briefly discuss their properties relative to young, ejecta dominated Galactic SNRs.
Introduction
The Type II linear supernova (SN II-L) SN 1980K in NGC 6946 reached a peak brightness of V = 11.4 in November 1980 (see Barbon, Ciatti, & Rosino 1982; Hurst & Taylor 1986 and references therein). Despite a steadily declining flux through 1982 (Uomoto & Kirshner 1986) , faint Hα emission from SN 1980K was detected in 1987 through narrow passband imaging (Fesen & Becker 1990, hereafter FB90 Leibundgut et al. 1991) . Monitoring of its optical flux from 1988 through 1992 indicated a nearly constant luminosity (Leibundgut, Kirshner, & Porter 1993; Fesen, & Matonick 1994, hereafter FM94) .
Following the optical recovery of SN 1980K, a handful of other SNe II-L have been optically detected 7 -25 yr after maximum light. These include SN 1986E in NGC 4302 (Cappellaro et al. 1995) , SN 1979C in M100 (Fesen & Matonick 1993) , and SN 1970G in M101 (Fesen 1993) . The late-time optical spectra of all these SNe show broad Hα and forbidden oxygen emission lines, and these characteristics have been exploited in searching for fainter, late-time SNe II-L (e.g., SN 1985L in NGC 5033; Fesen 1998) .
Of the few SNe II-L recovered at late times, SN 1979C in M100 (NGC 4321) is particularly noteworthy. This SN was exceptionally bright at outburst for a Type II event, with a peak M B of -20 mag (Young & Branch 1989; Gaskell 1992) , and became bright in the radio as well, eventually reaching a 6 cm luminosity more than 200 times that of Cas A (Weiler et al. 1989) . It also exhibits among the highest, late-time Hα luminosity (∼ 1× 10 38 erg s −1 ) and shows radio emission variability which may be due to a periodic modulation of the progenitor's pre-SN mass loss (Weiler et al. 1991) .
Late-time optical SN II emission lines are thought to arise from interactions with surrounding circumstellar mass loss material (CSM). These interactions lead to the formation of a reverse shock moving back into the expanding ejecta which then subsequently ionizes, either by far-UV or X-ray emission, a broad inner ejecta region from which the optical lines are produced (Chevalier & Fransson 1994, hereafter CF94) . This model is also consistent with the presence of accompanying nonthermal radio emission in all optically recovered SNe II-L, with radio light curves like those predicted from the "mini-shell" model involving shock generated synchrotron emission from the forward shock (Chevalier 1982; Weiler et al. 1993) .
Late-time SN II emission lines are important for the information they can provide on SNe ejecta abundances, late-time shock emission processes, and the mass-loss history and evolutionary status of SN progenitors (Leibundgut et al. 1991; Weiler et al. 1991 . Unfortunately, optical emission lines from old SNe II-L are quite faint (≤ 3× 10 −17 erg cm −2 s −1Å−1 ), making accurate measurements difficult even using 4-m class telescopes. Consequently, much is still uncertain about their spectra, even for SN 1980K, the best and longest studied object. For example, virtually nothing is known about SN II-L spectra below 5000Å, and uncertainties remain as to whether [Ca II] or [O II] is chiefly responsible for the strong emission commonly seen near 7300Å. SN 1980K's current optical properties are of special interest due to a recently reported sharp decline in nonthermal radio flux in the interval 1994-1997 .
Here we present a 1995 Keck spectrum of SN 1980K which shows the region below 5000Å for the first time, and a November 1997 MDM spectrum useful for investigating its recent Hα flux. We then compare these SN 1980K data to a 1993 MMT spectrum of SN 1979C at a similar age to the Keck SN 1980K spectrum. We also present a 1997 HST UV spectrum of SN 1979C which reveals several strong UV and near-UV lines which help clarify the nature of the observed emission. Finally, we outline some general observed properties of late-time SNe II-L and compare them with young Galactic supernova remnants (SNRs).
Observations
Two consecutive low-dispersion spectra of SN 1980K were obtained on 28 November 1995 with the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) at the Cassegrain focus of the Keck-I telescope. The duration of each exposure was 30 minutes. Conditions were not photometric, and the seeing was about 1 ′′ . The position angle of the slit (of width 1 ′′ ) was 128.5 degrees, through two stars that are known to be colinear with the supernova position; this was also close to the parallactic angle at the time of observation. We used a Tektronix 2048 x 2048 pixel CCD with a scale of 0.41 ′′ per binned pixel in the spatial direction, a gain of 1.1 e − /count, and a readout noise of 6 e −1 /pixel.
Cosmic rays were eliminated from the twodimensional spectra through a comparison of the pair of exposures. The background sky was measured in regions adjacent to the supernova, and subtracted from the extracted spectrum. Spectra of Hg-Kr-Ne-Ar comparison lamps were used to determine the wavelength scale and resolution (∼ 10Å). Flux calibration and removal of telluric absorption lines were achieved with a spectrum of the sdF star BD+174708 (Oke & Gunn 1983. A spectrum of SN 1980K was also obtained on 3 November 1997 using the 2.4 m Hiltner telescope at the MDM Observatory on Kitt Peak. A Modular Spectrograph like that in use at Las Campanas Observatory was employed with a N-S aligned 2.2 ′′ × 4 ′ slit, a 600 line mm −1 5000 A blaze grating, and a 1024 x 1024 Tektronics CCD detector. A single 6000 s exposure covering the spectral region 4000 -8500Å was taken with a spectral resolution of about 5Å. Cosmic rays were removed using standard IRAF routines for pixel rejection and replacement. Observing conditions were photometric but due to slit light losses caused by variable seeing during the long exposure, absolute fluxes are reliable only to ±15%.
A spectrum of SN 1979C was obtained on 21 May 1993 using the Red Channel long-slit CCD spectrograph (Schmidt, Weymann, & Foltz 1989) on the 4.5-m Multiple Mirror Telescope (MMT). Three 1200 s exposures were taken using a 2 ′′ × 180 ′′ slit and covering a spectral range 3800 -9900Å with 12Å resolution. A strong blue continuum, possibly from O and B stars near SN 1979C's location in NGC 4321 (M100), was removed in the final reduction and an arbitrary zero flux level set. Because of the greatly increased noise level redward of 8000Å, we show here only the region 4000 to 8000Å.
An HST spectrum of SN 1979C was obtained using the Faint Object Spectrograph (FOS) on 30 January 1997. Three G270H exposures (2200 -3275Å) were taken for a total time of 7170 s, plus one G400H spectrum (3250 -4750Å) with an exposure of 2410 s. Both the G270H and G400H data shown here have been smoothed by a 5 point average.
Results

SN 1980K
The Keck and MDM spectra of SN 1980K are shown in Figures 1 and 2 respectively. Though the Keck spectrum has significantly higher S/N, both show broad Hα and [O I] 6300,6364Å lines plus emission near 7100Å and 7300Å. These features have been seen in earlier SN 1980K spectra with roughly the same relative strengths and widths as seen here. However, the line profiles are better defined in the Keck data and the spectrum reveals other fainter emission lines not previously seen.
Hα: SN 1980K's late-time optical flux was first detected in 1987 via its strong Hα emission and it remains among the strongest optical lines observed a decade later. The 1995 Keck spectrum shows the Hα line profile with an expansion velocity of -5700 to +5500 km s −1 with a strong asymmetry toward the blue, in good agreement with earlier 1992 and 1994 measurements (FM94; Fesen, Hurford, & Matonick 1995, hereafter FHM94) . A comparison of SN 1980K's Hα line profile and strength changes over the last ten years is shown in Figure 3 using the Lick June 1988 spectrum (FB90) and our November 1997 MDM data. Besides illustrating a drop in Hα flux over this time period (see Section 4 below), one also sees a substantial decrease in the line width, most noticeable toward the blue edge. In 1988, the FWHM of Hα was around 220Å, compared to 190Å in 1997. This decrease is consistent with earlier measurements (FM94) and is predicted by SN -CSM interaction models (CF94). However, the asymmetric profile of Hα appears not to have changed much during the last ten years, with a sharp blue emission edge and an emission peak near 6500Å visible in both the 1988 and 1997 line profiles.
A faint, unresolved line is seen on top of the broader Hα emission around zero radial velocity. A narrow Hα emission feature was evident in the 1988 Lick spectrum, but much less so in subsequent data (FM94; FHM95). Well detected again here, this narrow Hα emission may be due to a small H II region near the SN site or ionized wind material associated with the progenitor (FB90; FHM95) .
From the 1997 MDM spectrum, we estimate a broad emission Hα flux of 1.3 ± 0.2 × 10 −15 erg cm −2 s −1 . This is close to the 1.4 × 10 −15 erg cm −2 s −1 value reported by FHM95 for a 1994 spectrum and supports the conclusion of a ≃ 25% fading from flux levels observed in the late 1980s and early 1990s.
Hβ: There is broad emission near 4850Å, some of which may be due to Hβ 4861Å. Its line strength, however, is difficult to disentangle from other possible emission lines between 4800 and 5000Å (see below). Nonetheless, the observed Hα/Hβ line ratio must be ≥ 6, suggesting, after correcting for a foreground reddening of E(B-V) = 0.40 mag (Burstein & Heiles 1982) , an intrinsic value ≥ 4.
Hγ: Weak emission near 4350Å may be attributable in part to Hγ emission, blended with [O III] 4363Å.
[O I]: The broad [O I] 6300,6364Å emission is asymmetric towards the blue with a steep blue edge and a more gradual decline toward the red. The line's full velocity range is -6000 km s −1 if attributed to 6300Å on the blue side, and ≥ +1700 km s −1 if attributed to 6363Å on the red. The blueward velocity is larger than the -4800 km s −1 estimated by FM94, probably due in part to weaker emission detected due to the higher S/N in the Keck spectrum. In addition, a prominent emission peak at 6280Å suggests strong clumping of the O-emitting material in the SN's facing expanding hemisphere.
[ Fig. 4 ), there still would remain the discrepancy along the line's red end. We therefore conclude that [O II] 7319,7330Å emission is the dominant cause for the 7300Å emission feature.
[O III]: Previous SN 1980K spectra detected broad emission near 5000Å with an emission peak near 4955Å. The broad emission was initially identified as [O III] 4959,5007Å emission (FB90; Leibundgut et al. 1991; FM94) although Uomoto 1991 suggested it might be a blend of permitted Fe II lines. As seen in Figure 1 , broad emission extends from 4750 to 5020 and from 5100 to 5400Å, with little emission between 5020 and 5100Å. Absence of strong emission just redward of 5007Å is hard to reconcile with a broad, 5000 km s The Keck spectrum also shows two narrow lines at 4957 and 5005Å. These are probably related to the narrow Hα emission observed. However, in many earlier spectra, only one emission spike, around 4950 -4960Å, could be clearly seen (FB90; Leibundgut et al. 1991; FM94) 
SN 1979C
Optical Spectrum
A 1993 MMT spectrum of SN 1979C taken 14 yr after maximum light, or roughly the same age as SN 1980K when the 1995 Keck spectrum was obtained, is shown in Figure 5 . The spectrum is similar to those presented by FM93 but with much improved S/N especially in the blue.
Hα: Broad Hα emission is detected with an expansion velocity of ±6200 km s −1 . A strong, narrow Hα component is also seen at +120 velocity in M100's rest frame (V = +1570 km s −1 ). The broad Hα emission has a flux of 3 ± 0.5 × 10 −15 erg cm −2 s −1 , or slightly larger than the 2.5 × 10 −15 erg cm −2 s −1 reported by FM93. Hα's peak flux is somewhat weaker than [O I] 6300Å and the profile shows a strong blue asymmetry. Narrow [S II] 6716,6731Å emission is seen along its red edge, presumably associated with the narrow Hα emission.
[ Broad Emission at 5750Å: Weak but very broad emission is also seen near 5750Å and extending from 5550 to 6000Å. Though faint, this emission is consistent with an earlier report of broad emission at 5700-5900Å by FM93. Possible identifications include blends of [N II] 5755 A, Na I 5890,5896Å, and He I 5876Å. Figure 6 shows the combined 1997 FOS spectra (G270H and G400H) of SN 1979C covering the wavelength region 2200 to 4750Å. The continuum levels at the G270H/G400H 3250Å crossover point agreed quite well and no zeropoint correction was applied.
HST FOS Spectrum
Three prominent emission lines were detected below 3000Å: Mendoza 1983 ) and thus can be used to derive an estimate of the foreground extinction. Assuming no contribution from [Ca II] 7291,7330Å, the observed 2470/7325 ratio of 0.21 ± 0.02 suggests that E(B-V) = 0.27 ± 0.2 mag. However, this includes dust extinction within the SN's ejecta as indicated by the weaker red emission peaks in these UV lines compared to the near infrared lines. Therefore, measuring only the blue emission peaks in the [O II] 2470 and 7325Å lines, we find a 2470/7325 ratio of 0.25±0.02 which implies E(B-V) = 0.23±0.02 assuming R = A V /E(B-V) = 3.1. This should be a reasonable estimate of the foreground extinction (both Galactic and in M100) for SN 1979C. However, it is larger than the previous total reddening value of 0.18 ± 0.04 estimated toward SN 1979C (de Vaucouleurs et al. 1981) However, significant spectral differences also exist. Hα luminosities cover more than an order of magnitude, with a factor of six difference between objects of similar age (e.g., 79C and 80K Bright optical emission appears correlated with the presence of strong late-time radio nonthermal emission and inferred high mass loss rates (see Table 1 ) in the sense that Hα luminosity tracks fairly well the peak 6 cm radio luminosity and the derived mass loss rate from late-time radio data. For example, SN 1979C is the brightest radio and optical SN and has the largest estimated mass loss rate while SN 1970G is optically the faintest with the lowest estimated mass loss rate. However, this correlation is not a particularly tight one. SN 1986E is nearly as bright optically as SN 1979C, yet it is quite faint in the radio. Moreover, strong radio emission is also not always a predictor of bright optical emission. Two of us (Fesen & Filippenko) have been unsuccessful in detecting late-time optical emission from SN 1968D in NGC 6946 (the same parent galaxy as SN 1980K) as a follow-up to its late-time radio emission recovery (Hyman et al. 1995) . The lack of detectable optical emission may be related to SN 1968D's location closer to NGC 6946's center and in a dustier region (see Trewhella 1998 and Van Dyk et al. 1998a ) which may be attenuating faint, late-time optical emission below the detection threshold.
Late-time, optical emission lines from SNe II-L appear surprisingly steady over time spans of many years. Our 1993 spectrum of SN 1979C indicated no decrease in Hα flux compared to 1990/1991 data (FM93) and actually showed a slight increase as does a comparison of 1991/1998 [O I] images. Recent radio measurements indicate a flattening of its radio light curve (Van Dyk et al. 1998b ) and new optical measurements should be undertaken. SN 1980K's Hα flux remained nearly constant from 1987 through 1994, decreasing only recently. In Figure 7 , we show the Hα light curve over one decade: from 1987 through 1997. The data indicate no change between 1987 and 1992.5. Spectra taken in 1991.4 and 1992.5, though indicating possibly a slow fading, were of lower quality than one obtained in 1992.6 which indicated no significant drop in Hα strength (FM94). Moreover, broadband photometric studies covering the years 1990 -1992 indicated SN 1980K's optical flux level remained virtually unchanged from that seen in 1987, especially in the R band which is sensitive to Hα emission (R = 21.9 ± 0.1 mag; Leibundgut et al. 1993) .
A more recent spectrum taken in 1994, however, showed an Hα emission flux of (1.4 ± 0.2) × 10 −15 erg cm −2 s −1 (FHM95), about 25% less than the 1.7 × 10 −15 erg cm −2 s −1 found earlier.
Our 1997 measurement of (1.3 ± 0.2) × 10 −15 erg cm −2 s −1 supports a fading Hα strength which may have started during the last several years, possibly in 1994 with the FHM95 reported decline. While this optical fading would roughly coincide with a drop in radio emission ), we cannot completely rule out a small, steady decline in Hα over the [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] period from the spectroscopic data.
During t = 10 -20 yr, SN 1980K's broad Hα line profile gradually narrowed, changing from a FWHM = 220Å in 1988.6 to 190Å in 1997.9 (see Fig. 3 ). This trend has been noted earlier (FM94) and is predicted by SN-CSM interaction models (CF94). However, Hα appears to be the line most affected, with the [O I] 6300,6364 line profile changing little during this time interval.
With the notable exception of Hα, all the broad emission lines exhibit a spiky profile suggestive of clumpy emission regions at particular velocities. This is perhaps most clearly seen in SN 1979C where emission peaks at −5000 and −1000 km s As shown in Table 2 , only those emission lines with critical densities above 10 5 cm −3 are detected in both 79C and 80K. Consequently, we conclude that all lines with critical densities below 10 5 cm −3 are collisionally suppressed relative to lines having higher critical densities. Electron densities of (1 − 3) × 10 6 cm −3 would also explain the observed low ratio of 
Observed vs. Predicted Late-Time SNe II-L Emission
Late-time optical observations of SNe II-L can be used to test emission predictions in CF94's recent SN-CSM models. In Table 1 , we list CF94's predicted relative line intensities for t = 10 and 17.5 yr arising from SN-CSM interactions assuming either a power law or red supergiant (RSG) density gradient. There is a general agreement with the observed line list, although there are significant differences with the relative line intensities. The observed line widths are approximately those expected and the general picture of emission from circumstellar interaction is supported, but CF94 present two detailed models that appear not to be well matched to the con- Larger discrepancies between observations and models are seen for several UV lines. Both RSG and power law models predict Mg II 2800Å to be the dominant UV/optical line (after Lyα) at a strength 5−8 times more than Hα. However, the SN 1979C spectrum shows Mg II to be slightly weaker than Hα, with the strongest line actually being C II] 2324,2325. Likewise, Mg I] 4571Å is predicted to be about half the strength of Hα yet is not seen in either 79C or 80K. Large differences between observed and predicted Mg II intensities are a problem common in young, O-rich SNRs (Blair et al. 1994; Sutherland & Dopita 1995) and may simply be indicating an incorrect assumed Mg abundance. However, large differences exist for other UV lines, such as C II] 2324,2325 which is about twice the predicted strength, and this difference grows somewhat larger if internal SN dust extinction is considered.
Other notable Additional model-observation differences involve the the Ca II IR triplet and the [S III] 9069,9531Å lines. These emission lines are predicted to be strong in the power law models but are not detected in the published near-IR spectrum of SN 1980K (FHM95). Finally, the favored power law models predict a steady decline of the Hα emission and a rapid increase of [O III] 4959,5007Å (CF94).
Many model-observation differences appear to be related to higher electron and gas densities than the CF94 models assume. As noted above, the presence of strong [O III] 4363Å emission indicates densities of 10 6−7 cm −3 . High oxygen gas densities would also account for the lack of any Table 2 ).
The differences indicate that the CF94 stellar model is not the best one to model SN 1979C or SN 1980K . Their assumed circumstellar density may also be a factor. Models for the light curves of these supernovae suggest a H envelope mass of ∼ 1 M ⊙ (Swartz, Wheeler, & Harkness 1991; Blinnikov & Bartunov 1993; Arnett 1996) , much lower than the mass assumed in CF94. With the low envelope mass, processed core material may not be strongly decelerated and could be moving at ∼ 5, 000 km s −1 . Some deceleration of the core material could lead to hydrodynamic instabilities and clumping of the gas, which is consistent with the spiky profiles seen in the spectral lines of O, C, and Mg. If the gas is H-depleted core material, strong differences can be expected with the models of CF94 who assumed cosmic abundances.
The models presented in CF94 also assumed a circumstellar density determined by a mass loss rateṀ = 5 × 10 −5 M ⊙ yr −1 for a wind velocity of 10 km s −1 . However, the analysis of the radio turn-on by Lundqvist & Fransson (1988) leads tȯ M = 1.2 × 10 −4 M ⊙ yr −1 for SN 1979C for the same wind velocity. There is new evidence for a high circumstellar density around SN 1979C. Immler, Pietsch, & Aschenbach (1998) have detected X-ray emission from the supernova with ROSAT and determined a 0.1 − 2.4 keV X-ray luminosity of 1.0 × 10 39 erg s −1 . The summed luminosity of the observed lines listed in Table  1 is 1.3 × 10 39 erg s −1 and this figure is likely to be substantially increased when unobserved lines such as Lα are included (CF94). In the circumstellar interaction model, the optical and ultraviolet lines are excited by the X-ray radiation, so the implication is that the X-rays from the reverse shock wave are being absorbed by the cool circumstellar shell. This would explain the observed constancy of the line emission because the X-ray emission at the reverse shock should decline slowly if the reverse shock is a cooling shock (CF94). Application of eq. (2.17) of CF94 shows that the circumstellar shell can still be optically thick at 1 keV at the time of the observations if the density power law for the supernova is n ≈ 12, where ρ ∝ r −n , or if the circumstellar density is about twice that quoted above. In the CF94 power law density model at an age of 10 years, the supernova H density just inside the reverse shock front is 4 × 10 4 cm −3 . For SN 1979C, the density may be several times higher, but it still falls short of the density implied by the [O III] line ratio. The implication is that the [O III] lines are formed inside of the reverse shock, which is consistent with the lack of narrowing of the lines with time.
Conclusions
From Keck and MDM optical spectra of SN 1980K and optical MMT and UV HST spectra of SN 1979C, we find the following:
1 ] temperature must be greater than ∼ 15,000 K in order to generate sufficient 4363 emission to be so easily detected (i.e., I(4959+5007)/I(4363) ≃ 4 assuming n = (2 − 5) × 10 6 cm −3 ). A very broad emission feature seen in SN 1979C's spectrum near 5800Å may be partially due to the [N II] line at 5755Å.
3) In both SN 1979C and SN 1980K, several lines show one or more sharp emission peaks. The blueward peak(s) are substantially stronger than those toward the red indicating internal dust extinction with the expanding ejecta. The amount of internal extinction in SN1979C is estimated to be E(B-V) = 0.11 − 0.16 mag. The line profile differences exhibited between Hα and the oxygen lines suggests that we are seeing emission from two or more separate regions, possibly the shell (Hα) and the inner SN ejecta (O lines). 4) Comparison of these observations to latetime SN model predictions indicates several areas of significant differences, many of which can be attributed to model electron densities being several orders of magnitude too low. For example, [O II] 3727 emission is predicted to be moderately strong in the models but is not seen due to densities well above the [O II] critical density of 4× 10 3 cm −3 . In other cases, such as Mg II 2800 which arises chiefly from the swept-up shell, the observed emission is far weaker than predicted. The parameters for future models will have to be more closely adapted to the conditions in these supernovae.
It should be noted that other SNe II besides Type II-L can exhibit bright, late-time optical emission, most notably the Type IIn objects SN 1986J (Leibundgut et al. 1991) and SN 1988Z (Filippenko 1991; Stathakis & Sadler 1991; and Turatto et al. 1993 ). These objects show quite a different optical spectrum from the SNe II-L discussed above and are believed to be encountering dense, clumpy CSM (Chugai 1993; Chugai & Danziger 1994) . The current, single Type II-P detection of SN 1923A in M83 in the radio (Eck, Cowan, & Branch 1997 ) together with the lack of any reported late-time optical detections of SNe II-P suggests significant mass loss differences between SNe II-L and II-P. It will be interesting to see if SN 1923A can be recovered optically and how its UV and optical emission properties compare to those of SNe II-L.
Into what kind of young remnants will these SN II-L emission nebulae evolve? Except for the higher densities and the presence of strong hydrogen emission, the observed late-time spectra of SNe II-L bear some resemblance to Galactic and LMC O-rich SNRs such as Cas A and 1E0102-7219 (Kirshner & Chevalier 1977; Blair et al. 1989) . Their O, S, and C emission-line dominated spectrum with expansion velocities around 5000 km s −1 is not unlike that seen in 10 2−3 yr old O-rich SNRs. 
